This review of research utilizing the Schizophrenia Cognition Rating Scale (SCoRS) outlines the development, evaluation, validation, and implementation of the SCoRS to assess whether the scale meets the criteria as a functional co-primary as defined by the MATRICS-CT initiative. Interview-based co-primary assessments should be: 1) practical and easy to administer for a clinician or researcher; 2) validated in individuals with schizophrenia; 3) contain the relevant areas of cognition and functioning applicable to schizophrenia; 4) able to assess all phases and severity levels of schizophrenia; 5) capable of monitoring disease progression; 6) minimal burden to patients; and 7) sensitive to assess treatment effects. A review of the literature was conducted to present information on the development, psychometric properties and usage of the SCoRS. Review of the development of the SCoRS followed the parameters outlined for scale development on content expert validation and feedback. The SCoRS shows good psychometric properties in various studies, and demonstrates low burden on clinicians and patients. The items measure global concepts that do not require notable cultural modification, making international use feasible. While multiple performance-based tests in cognition and functional outcomes are available, there is a need for a multi-domain, interview-based assessment of cognitive progression and treatment response in clinical trials. The SCoRS appears to meet many of the criteria for an optimal co-primary measure for schizophrenia cognition clinical trials as defined in the MATRICS-CT initiative.
Introduction
Cognitive impairments are common in people with schizophrenia spectrum conditions and are associated with a variety of impairments in everyday functioning, including vocational, activities, social outcomes, and overall quality of life (QOL). In fact, deficits in cognition more significantly erode a patient's quality of life than any other aspect of the disorder, including psychosis. As a result, improvements in function and quality of life represent the ultimate treatment goal, and improvement of cognition has emerged as the direct target of treatment for many clinical trials. Treatment of cognitive impairments with either pharmacological or computerized cognitive training (CCT) strategies has been endorsed through consensus of industry, academic, and regulatory constituencies. This methodology has several critical features: clinical stability of participants, assessment of cognitive outcomes, and use of co-primary measures to index the potential clinical relevance of treatment-related cognitive changes. These co-primary measures can be performance-based measures of functional capacity or interviewbased measures of cognitive and related everyday functional outcomes (Buchanan et al., 2005; Green et al., 2008) . Several different interviewbased measures have been developed; this review focuses on one of them, the Schizophrenia Cognition Rating Scale (SCoRS). We describe the development, evaluation, validation, and implementation of the SCoRS, and evaluate the instrument on its ease of administration, cross-cultural applicability, and sensitivity to treatment.
Criteria for a suitable co-primary measure
Food and Drug Administration (FDA) has guided drug developers focused on cognitive improvement to demonstrate not only improvement on cognitive endpoints, but also improvement on a measure of functional capacity (Buchanan et al., 2005) . In people with schizophrenia, cognitive and functional impairments are present, so a drug will not be considered effective without demonstration of a treatment effect on both. Multiple primary endpoints are commonly designated as coprimary when it is necessary to demonstrate an effect on each of the Schizophrenia Research xxx (xxxx) xxx endpoints (U.S. Department of Health and Human Services Food and Drug Administration, January, 2017). As defined in the MATRICS Coprimary and Translation (MATRICS-CT) initiative , a co-primary measure must possess all the psychometric characteristics required for a primary cognitive performance measure (interrater and test retest reliability, and utility as a repeated measure) as well as convergence with cognitive performance on the one hand and real-world functioning on the other. Further requirements include ease of administration for testers (set up, scoring, lack of missing data), tolerability for patients, and limited duration of assessment. Sensitivity to treatment was not recommended as a requirement because no previous treatments had demonstrated clear success. While the SCoRS was included in the initial MATRICS co-primary validation study (Green et al., 2008) , it was not included in the MATRICS-CT initiative because of analyses that had suggested that it overlapped with another scale, the Cognitive Assessment Interview (CAI). However, subsequently the CAI was viewed by those designing clinical trials for cognitive impairment in schizophrenia to have significant burden for assessors and participants; thus, the SCoRS has been widely used in many different clinical trials (e.g., Harvey et al., 2011; Keefe et al., 2015a; Brown et al., 2018) . In this paper, we will review the data collected on the SCoRS.
Information sources and search strategy
We searched electronic databases which include Medline (2006 -December 2018 , PsychInfo (2006 -December 2018 , and PubMed (2006-December 2018) using key words "SCoRS, Schizophrenia Cognition Rating Scale," and reference lists from identified studies and review articles. We identified 310 articles, out of which there were 18 publications from independent studies that used the SCoRS in some way and provided information allowing for examination of psychometric and treatment response characteristics.
Assessment options for functional co-primary measures
While a "co-primary" functional endpoints aims at indexing a clinically meaningful benefit to the patient, there is an open question regarding which forms of functional assessment are the most valid and useful. Performance-based measures of functional capacity, which rely on patient task performance in a clinical setting, demonstrate close associations with cognitive performance and have the advantage of reducing the bias associated with some interview-based strategies . Performance-based measures such as the University of California, San Diego Performance-Based Skills Assessment (UPSA) and Virtual Reality Functional Capacity Assessment Tool (VRFCAT), for instance, have been adopted in many trials due to strong psychometrics, including excellent test-retest reliability and strong correlations with cognitive performance Heinrichs et al., 2006; Mausbach et al., 2007; Patterson et al., 2001; Keefe et al., 2016) . The UPSA is a performance-based measure of functional abilities with ecological validity; it consists of equivalently weighted measures of realworld activities (for example, planning an activity, such as a trip to the zoo, determining a bus or trolley route, dialing a phone number, selecting appropriate medications, and writing a check). The UPSA was validated in middle-aged and older healthy adults and in an outpatient sample of individuals with schizophrenia (Mausbach et al., 2007; Patterson et al., 2001 ), but has been employed across the age-span (Vesterager et al., 2012) and across other diagnoses (See Harvey et al., 2017 , for a review). The VRFCAT is a computerized test of a patient's ability to navigate everyday situations. The VRFCAT demonstrated excellent test-retest reliability, strong discrimination between individuals with schizophrenia and healthy controls, and reduced practice effects in comparison to the UPSA (Keefe et al., 2016) . It has also been used in other conditions (Atkins et al., 2015 (Atkins et al., , 2018 .
When appropriately implemented, there are many advantages to performance-based assessments. For example, performance-based measures are free of the potential informant/caregiver biases or inadequate knowledge of the individual's everyday functioning that may misrepresent informant-based accounts. However, all performance-based assessments require adaptation and validation before use across cultures, meaning that there may be occasional barriers to use. As technology and functional demands are constantly changing, performancebased assessments need to be easily modifiable and this requires constant attention. Further, in clinical settings, it may be easier to collect interview-based information.
Advantages of interview-based assessments
There are also advantages of interview-based methods for the assessment of cognitive functioning and related outcomes. First, interviews can be targeted toward detailed assessment of the performance of everyday tasks in the real world; performance-based measures, regardless of their veridicality, are assessments of task performance in a simulation. As a result, performance-based measures do not provide information about the likelihood of performing these skills in the real world, including initiation or persistence of efforts. It is noteworthy that the SCoRS does provide this type of information about functioning. Interview-based methods have flexibility and can be updated rapidly in the face of changes in technology or other common activities. For instance, when performance-based assessments are updated the process requires psychometric validation of new tasks. In the case of interview-based assessments, if the questions are written in a generalized manner, they can be immediately updated to include newly introduced tasks. For example, the SCoRS includes a question about managing money which gives general examples that are not restricted to a specific strategy or technology: making change and paying bills. Thus, the method of bill payment, using cash, writing a check, or paying online or on a hand-held device, is not specified and can be queried flexibly. In contrast, requiring someone to write a check or make a paper bank deposit, which many people no longer do, may lead to performance failures simply on the basis of lack of lifetime experience. Similarly, capability to utilize newly developed technology, ranging from household objects to computers, can be queried directly within the existing interview structure.
Another advantage of interview-based assessments is the opportunity to index the perspective of the patient in terms of their cognitive and functional abilities. People with schizophrenia have limitations in their awareness of illness in several different domains, including clinical symptoms (Markova and Berrios, 1992) , cognitive impairments , social cognitive limitations (Silberstein et al., 2018) , everyday disability , meta-cognitive management of task performance (Cornacchio et al., 2017) , emotional state (Ouzir et al., 2012) , and even tardive dyskinesia (Strassnig et al., 2018) . Only about 50% of people with schizophrenia who manifest objective NP deficits endorse cognitive deficits and, in some studies there is no overall correlation between performance on NP tests and domain specific subjective impairments (Keefe et al., 2006) . Further, in some cases, patients who report more cognitive functioning impairments perform better on measures of meta-cognitive self-assessment than patients who report no impairments. Thus, ability of people with schizophrenia to make a general assessment of their cognitive abilities in an interview context appears limited. An easily implemented strategy to examine awareness of cognitive limitations with interview-based assessment is to ask patients and informants the same questions about the patient's functioning. Discrepancies between reports can index both accuracy of selfassessment and directional biases, such as the tendency to over-or underestimate performance relative to informant reports and objective information. This assessment has important implications because overestimation of ability has been linked to impairments in real-world functional outcomes Silberstein and Harvey, 2019) . The SCoRS is designed to ask similar questions to informants and subjects, with easily calculated difference scores for individual items and global impressions.
Despite the advantages of interview-based methods, there are measurement issues that can affect test sensitivity. One of these is the need to interview informants. This strategy can be affected by several different biases, including halo effects, omission of key information, or gaps in knowledge of the individual, which can result in either overestimation or under-estimation of an individual's proficiency (Loewenstein et al., 2001) . One way to increase sensitivity in these interview-based measures might be to use performance-based measures, including performance on neuropsychological tests, as a reference point for the quality of the reports of different classes of informants (Sabbag et al., 2011) .
Previous interview-based strategies targeting cognition
Interviews conducted with individuals with schizophrenia have been examined in several different studies for their convergence with performance-based assessments of cognition. Several studies have reported on the correlations between clinical ratings on the Positive and Negative Syndrome Scale (PANSS) Cognitive Factor and performance on neuropsychological (NP) tests (Bell et al., 1994; Ehmann et al., 2004; Hofer et al., 2007; Nielsen et al., 2014; Rodriguez-Jimenez, et al., 2013) . The PANSS Cognitive Factor is composed of several PANSS items that vary somewhat across different factor analytic studies. Bell et al. (1994) assessed the validity of the cognitive factor in 147 patients diagnosed with schizophrenia or schizoaffective disorder and found a significant negative correlation between cognitive factor scores and performance on all the NP tests. Other studies find relatively limited correlations with NP test performance (Hofer et al., 2007) . Overall, correlations between the PANSS Cognitive Factor and NP tests have been reported to be low to moderate, ranging from 0.20 to 0.53 (Bryson et al., 1999; Cameron et al., 2002; Daban et al., 2002; Hofer et al., 2007) , which is considerably less than the typical correlations between performance -based assessment of functional capacity and cognitive performance. Additional studies have shown that correlations between NP test performance and the PANSS Cognitive Factor were smaller than those between NP performance and negative symptoms in studies of both chronic schizophrenia (Harvey et al., 2001 ) and drug naïve first episode patients (Good et al., 2004) , suggesting that the PANSS Cognition Factor lacks specificity.
Development Strategy for the SCoRS
The following sections outline the steps of scale development undertaken for the SCoRS.
(1) Domain identification and item generation, (2) Content expert validation, and (3) Pilot testing.
Domain identification and item generation
From the outset, the SCoRS was developed to assess domains of cognition that were functionally relevant and observable. In this stage, the primary concern was content validity. A standard rational-empirical approach was adopted wherein the opinions of assessment experts were considered during the early development process. To generate themes and obtain more substantive insights pertinent to expertise, a panel was formed, composed of individuals with assessment expertise.
Eighteen different questions were developed, spanning functionally relevant activities that require different cognitive abilities including attention, memory, reasoning and problem solving, working memory, language production, and processing speed. Items are scored on a 4-point (1-4) scale with 1 reflecting no problems and 4 the most severe problems. A global rating ranging from 1 to 10 is also assigned and the follow-up version of the scale has questions about improvement or worsening since treatment began.
An initial item pool was developed based upon the Brief Cognitive Scale for patients with Mild Cognitive Impairment (Krishnan et al., 2001) , and edited after pilot testing with a small group of people with schizophrenia. All pilot interviews included an interview with the patient and an informant, as well as generation of interviewer ratings based on the two interviews. Items were edited, a final item pool was developed, and an initial reliability and validity study was performed.
Content expert validation
The expert panel generated relevant items that were then subjected to content expert validation to ensure the content validity of the measurement instrument. The content experts were asked to address three elements in examining the SCoRS: representativeness, comprehensiveness, and clarity, to ensure that there were no ambiguous and poorly written items.
Another validation strategy was to measure concurrent validity with NP test performance as well as performance-based measures of functional capacity. Further, separate interviews were conducted with informants and patients, as well as a consensus judgment generated by an interviewer. As noted above, this strategy collected separate informant reports from the first stages of development of this scale, allowing both for assessment of the convergence between reports from different sources of information and the generation of a "consensus" judgment based on multiple, clearly identifiable, information sources.
10. Initial validity study (Keefe et al., 2006) 10.1.
Step 1: A pilot study of the items of the measure was conducted Sixty patients with DSM-IV schizophrenia were assessed with a battery of cognitive and functional measures, including the SCoRS, with 3 not providing complete data. Forty-seven (78%) of the patients who provided data were male. All patients were receiving antipsychotic medications.
Complete administration of the SCoRS included an interview with the patient, an interview with an informant for the patient and a rating by the interviewer who administered the scale to the patient and informant. Informal time estimates suggest that each interview required an average of about 12 min of interview time and one or 2 min of scoring time. The informant based his or her responses on interaction with and knowledge of the patient; we aimed to identify the informant as the person who had the most regular contact with the patient in everyday situations. In this study, all of the informants were staff members. The interviewer's rating reflected a best estimate combination of the two interviews incorporating the interviewer's observations. The informant ratings were completed within 7 days of the administration of the patient interview.
10.2.
Step 2: Reliability assessment 10.2.1. Inter-rater reliability Two interviewers participated in the same interview of 11 patients. Intra-class correlations of the relationship between the ratings generated by the two interviewers were calculated to assess the inter-rater reliability of the 18 SCoRS items. Thirteen of the 18 items had an ICC of 1.00, indicating absolute agreement between the two interviewers for all 11 patients. The ICCs for 4 of the other 5 items were greater than 0.90, and the lowest ICC for an item ("do you have difficulty walking as fast you would like") was 0.81.
Internal consistency
Reporting of internal consistency reliability is a necessary part of the scale development process (Hinkin, 1995) . To assess the reliability of an instrument based on internal consistency, the minimum level of Cronbach's coefficient alpha (Price and Mueller, 1986 ) is 0.70 for basic research measures, following Nunnally's (1978) suggestion. Internal consistency for the SCoRS was calculated using Cronbach's coefficient alpha, which was found to be 0.79. Examination of the contribution of the individual items to the total scale scores indicated that there were no items whose deletion would have improved the overall internal consistency of the scale more than 0.01.
10.3.
Step 3. Validity
Construct validation
In order to examine the convergent validity of the SCoRS, the relationship of the SCoRS to measures of cognitive functioning, performance-based assessments of functional capacity and functional outcome in schizophrenia was examined. These assessments are described below, as are the analyses performed in order to determine the estimated validity of the SCoRS.
Cognitive performance was assessed with the Brief Assessment of Cognition in Schizophrenia (BACS) (Keefe et al., 2004) . The BACS requires approximately 30 min and is devised for easy administration and scoring by non-psychologists. The battery of tests in the BACS includes brief assessments of reasoning and problem solving, verbal fluency, attention, verbal memory, working memory and motor speed. A composite score is calculated by comparing each patient's performance on each measure to the performance of a healthy control sample and averaging the standardized z-scores.
Everyday functioning was assessed with the Independent Living Skills Inventory (ILSI) (Menditto et al., 1999) . The ILSI is a standard functional assessment instrument measuring the extent to which individuals can competently perform a broad range of skills important for successful community living. Each of the items is rated according to the extent to which an individual is able to perform a skill, as well as the extent of assistance or guidance required. An overall score was created for the ILSI by calculating a mean of all 11 subscales.
Functional Capacity was assessed with the UCSD Performance-Based Skills Assessment (UPSA) (Patterson et al., 2001) . The UPSA assesses skills necessary for functioning in the community by asking patients to perform relevant tasks in five areas: household chores, communication, finance, transportation, and planning recreational activities. An overall score was calculated for the UPSA by taking a mean of the scores in each area.
In order to keep knowledge of a patient's objective cognitive performance from biasing SCoRS and ILSI ratings, the tester who assessed cognitive performance with the BACS and functional capacity with the UPSA was always a different person from the interviewer who assessed cognition with the SCoRS and real-world functioning with the ILSI. In addition, raters remained blind to the results of the measures they did not administer.
Interviewer and informant global ratings on the SCoRS correlated significantly with all the validators: cognitive performance, functional capacity, and everyday functioning. Patient-reported global ratings were not significantly correlated with any of the validators. For none of the validators did the individual patient or informant global ratings account for significant variance beyond that accounted for by the global interviewer rating. Finally, the SCoRS interviewer global rating predicted unique variance in real-world functioning as measured by the ILSI above and beyond the that predicted by the BACS and UPSA. When the order of the regression was reversed, the BACS and UPSA accounted for no variance in everyday functioning above and beyond the interviewer global ratings.
Conclusions from the initial validation study
The findings of the first study of the SCoRS suggested that interviewer judgments informed by interviews with both an informant and the patient are associated with everyday functioning as well as with cognitive performance. As a result, the SCoRS was found very early on to meet criteria for a suitable co-primary measure for cognition treatment trials. While the SCoRS global interviewer rating provided incremental information regarding everyday functioning beyond that NP performance and UPSA scores, the latter two variables did not improve on the prediction of everyday functioning past the SCoRS.
Findings from this study generated several suggestions regarding implementation of the SCoRS. Informant ratings are critical and are themselves highly correlated with everyday functioning, NP test performance, and functional capacity. Self-reported SCoRS ratings had no overlap with any of the validating measures and consequently suggest extreme caution in interpreting any self-report data. Results from treatment studies to be reviewed below suggest that this concern also applies to treatment outcomes.
Following the initial validation study, the SCoRS was evaluated by the MATRICS project as one of 4 potential co-primary measures for schizophrenia cognition trials. The MATRICS group eliminated one of the items assessing motor function and added 3 items assessing social cognition so that the domains to be assessed would be consistent with the cognitive domains in the MATRICS cognitive battery. The revisions resulted in a 20-item scale. Following an extensive psychometric study on the 20-item version, the SCoRS had very similar characteristics to the 18-item version in the original validation study (Keefe et al., 2006) . The MATRICS group concluded that the SCoRS had good tolerability for patients and informants, good practicality for raters, medium sized (r~0.30) correlations with functioning and cognition, very good psychometric characteristics, and very few missing data (Green et al., 2008) . Subsequent work with the SCoRS used the 20-item version.
Replication of findings
Additional validity data on the SCoRS was obtained in a subsequent study (Keefe et al., 2016) where patients were examined with the MCCB and the UPSA, and informant and patient reports were collected with the SCoRS. In addition, ratings of everyday functional outcomes were collected with the Specific Levels of Functioning (SLOF) (Schneider and Struening, 1983) , a rating scale that interviews patients' informants to assess patients' everyday functioning in domains of interpersonal functioning, everyday activities, and work skills.
There are several important features of this study that have not been published previously. The correlation of MCCB performance and SCoRS ratings in a completely independent sample provides additional validity data for the SCoRS as a correlate of cognitive performance. Similarly, correlations of NP test performance versus SCoRS ratings with functional outcomes gives additional information about the usefulness of the SCoRS as a co-primary measure validated against RW outcomes. Finally, comparisons of the UPSA and the SCoRS for prediction of everyday outcomes provide information about the differential validity of these two measures of functional capacity. Table 1 presents the scores on all of the variables of interest and Table 2 presents the intercorrelations of those variables. Using P b .05 as a threshold, MCCB composite scores were correlated with the UPSA, both SCoRS ratings (informant and interviewer), as well as SLOF work, everyday activities, and composite scores but not interpersonal functioning. The UPSA was correlated with the same variables, other than SCoRS informant ratings and everyday activities. SCoRS interviewer ratings and informant ratings were correlated with all variables: the UPSA, the MCCB, and all 4 SLOF variables.
As the pattern of correlations for the MCCB and UPSA were similar, predicting work and composite SLOF scores, we performed comparative regression analyses on the SLOF global scores only. For the first analysis, we used a stepwise regression analysis to predict SLOF Global scores with UPSA, MCCB, and SCoRS interviewer rated scores. For the second analysis, we substituted the interviewer ratings on the SCoRS with the informant ratings. Final analyses predicted functioning as measured by the SLOF by first entering the UPSA and MCCB into the equation as a block and then entering the SCoRS ratings. The overall analysis (F(3,155) = 20.31, pb001) was significant and suggested that the MCCB and UPSA accounted for 8% of the variance in the first block (t = 2.7, p = .007) while the SCoRS Rating generated by the interviewer entered in the second block and accounted for 20% of the variance, (t = 6.54, p b .001). When the analysis was repeated for the informants SCoRS ratings, the results were similar. In the overall analysis (F(3,73) = 5.75, p b .001), the MCCB and UPSA did not enter the equation in the first block (t = 1.35, p = .18), but the informant SCoRS did enter in the second block, accounting for 16% of the variance (t = 3.75, p b .001).
These analyses suggest that SCoRS ratings meet all criteria for a suitable co-primary measure, in that the SCoRS is correlated with both cognitive performance and with real-world outcomes. In all cases, SCoRS ratings were more strongly correlated with all of the SLOF-measured functional outcomes than the UPSA. The correlations between interviewer SCoRS and SLOF ratings should be viewed in the context of overlap of raters and method variance. Critically, the informant ratings on the SCoRS are not the origin of the SLOF ratings, which are generated by the interviewer, yet the correlations between the informant SCoRS ratings and the interviewer ratings on the SLOF were very similar to those that were generated by the same rater. In addition, the informant SCoRS ratings have excellent evidence of convergence with the MCCB, sharing 13% of the variance with those performance-based data about which the informant and interviewer had no information.
Additional reliability analyses
To gather more test-retest reliability data on the SCoRS, a set of analyses based on data taken from a large clinical trial was conducted, with these results previously published in Keefe et al. (2015a) . All patients self-reported their functioning, most of the patients also had informant ratings, and an examiner rating was generated. 319 patients with DSM-IV schizophrenia were randomized at 32 sites in the United States, Russia, Ukraine, and Serbia in the context of a phase 2 clinical trial to determine the safety and efficacy of encenicline, an alpha-7 nicotinic agonist, for the treatment of cognitive impairment in patients with schizophrenia. Considering Day 0 as the day that treatment was initiated, the SCoRS was administered in this study at Day −14, Day −7, twice on Day −4, and then on post-treatment visits at Day 28, Day 56 and Day 77.
Pre-treatment -all participants
The ICCs for test-retest reliability were greater than 0.90 for the patient (N = 299), informant (N = 231) and interviewer (N = 302) SCoRS total scores and the separately generated interviewer global rating. When interviewer and patient ICCs were re-examined using only assessments where an informant was available (N = 231), both remained above 0.90. ICCs for the pre-treatment period were also compared between sites in the US (when an informant was present, N = 90) and Europe (informants present at all assessments, N = 141). ICCs were higher in Europe than the US for the patient (0. 
Post-treatment -placebo group
Assessment of the test-retest reliability of the SCoRS was also examined for the treatment period in the placebo group only. The ICCs for the SCoRS total were 0.76 for the patient ratings (N = 100), 0.85 for the informant ratings (N = 71) and 0.81 for the interviewer ratings (N = 101). The ICC for the interviewer global rating was somewhat lower than for the SCoRS total (0.76 vs. 0.81). Again, individual items varied considerably, and ICCs were substantially lower than for the pretreatment comparisons. The mean (range) ICC was 0.68 (0.55-0.78) for the patient ratings, 0.71 (0.59-0.80) for the informant ratings, and 0.72 (0.47-0.83) for the interviewer. These data suggest considerable stability of scores, particularly during pre-treatment periods. There was clearly some increased error associated with re-ratings during a period when the ratings may have been biased by patients and raters expecting a treatment effect.
Exploratory factor analysis of the SCoRS
Another study of 76 patients with DSM-IV schizophrenia assessed in the context of a multi-center validation study of functional capacity outcome measures, including the SCoRS, was conducted . All patients had informant data. Assessments were completed at two visits 7-14 days apart by highly trained raters at the University of Miami Medical Center, University of California at San Diego, and the University of South Carolina. The data from this study were combined with the 231 patients with informant ratings described above.
An exploratory factor analysis was run on the 20 interviewer items of the SCoRS using the first ratings performed from the combined dataset. Missing items led to the loss of 5 observations. The objective of the exploratory factor analysis was to identify those items that most clearly represent the content domain of the underlying construct. There are no hard and fast rules for this, but the 0.40 criterion level appears most commonly used in judging factor loadings as meaningful (Ford et al., 1986) , as it is consistent with the correlations expected between independent indicators of a scientific construct in classical measurement theory (Cronbach and Meehl, 1955) . The exploratory factor analysis on the combined dataset (N = 295) indicated that a single factor was the best structure. The factor loadings were used as weights to create a factor score. When that unifactorial score was compared to the total score as a treatment outcomes measure, the results were identical for total scores and factor scores.
Evolving uses of the SCoRS
The SCoRS has been translated and validated in several different languages and cultures and has been administered in patients at risk for psychosis (Higuchi et al., 2017 ). Finally, as described below, it has been used as a treatment outcomes measure in several different completed clinical trials, including multinational trials where the international validated measures were used.
International validation of the SCoRS
Versions of the SCoRS have been developed in 22 languages and deployed in multiple countries (see Table 3 ). Published studies on the international validation of the SCoRS span several different countries: Singapore, Japan, Iran, France, Brazil, and Italy. In these studies, cognitive performance was found to correlate with the interviewer and informant scores (when examined) similarly to studies in the US, although some differences were reported due to various patient population differences (Mazhari et al., 2017; Higuchi et al., 2017; Vita et al., 2013; Chia et al., 2010) . In all studies where examined, SCoRS total scores were also significantly correlated with everyday functioning. Further, in a qualitative research study, (Gonzalez et al., 2013) it was also reported that interview-based measures such as the SCoRS are most suitable for use in international treatment trials, because the measures require considerably less cultural adaptation. That same study reported that some of the current set of performance based functional capacity measures (e.g., UPSA) required the performance of tasks that are unfamiliar to people in several different countries, particularly in rural areas. The SCoRS was judged to not assess performance of functional tasks that are differentially likely to be performed in different countries.
Use of the SCoRS across clinical state and different schizophrenia spectrum conditions
According to the MATRICS guidelines discussed above, cognitive enhancement clinical trials should be performed in clinically stable patients with a diagnosis of schizophrenia. However, in clinical use outside of formal clinical trials, it is possible that other participants might be evaluated with this assessment tool. Several studies have addressed the validity of the SCoRS in populations that would not qualify for a MATRICS-type of clinical trial at the current time.
In a comparative study in Japan of clinical high-risk patients (n = 33), schizophrenia patients (n = 45) and healthy controls (n = 63), the SCoRS was significantly correlated with everyday functioning for both schizophrenia and clinical high-risk patients. For the clinical highrisk patients, the SCoRS had a higher correlation with everyday functioning (r = 0.79) than for individuals with schizophrenia (r = 0.45) (Takahashia et al., 2017) . In a similar study that also included patients with first episode psychosis (Higuchi et al., 2017) , correlations between BACS cognitive performance and SCoRS global ratings was highest in first episode patients (r = 0.50), who performed worse on the BACS than the other groups, next highest in chronic schizophrenia patients (r = 0.38), and weakest in people at risk for psychosis (r = 0.28), while correlations between SCoRS global ratings and functioning measured with the SOFAS and SCoRS was similar in chronic patients (r = 0.55) and at-risk patients (r = 0.51) and lowest in first episode patients (r = 0.37). This intriguing set of results suggests that severity of cognition-related functioning is more strongly correlated with cognitive performance in early phases of illness, but later on in chronic patients, cognition-related functioning is related to overall level of day-to-day functional skills.
When comparing clinically stable and acutely psychotic patients on the validity of the SCoRS in a study in Italy, there were differences in patterns of correlation as a function of symptom severity (Vita et al., 2013) . Table 3 Availability of professional and academic versions of the SCoRS in international languages.
SCoRS Language
Professional translation Academic
In patients with total PANSS scores less than 72, the correlation of the SCoRS and NP performance was r = 0.52, p b .001. In patients with higher PANSS scores, the correlation was smaller at r = 0.26, suggesting that only 7% of the variance is shared between symptoms and report of cognitive difficulty. Thus, factors other than cognition are likely to be impacting on the behaviors measured by the SCoRS in patients with more severe psychosis. The contrasting results in acutely psychotic patients suggest that the SCoRS may be vulnerable to less stability over short periods of acute illness. They also raise the possibility that treatment responsiveness of the SCoRS in more highly psychotic patients could be attributable to symptom reduction in addition to primary cognitive impairment.
Treatment sensitivity of the SCoRS
Interview-based assessments of cognition and functioning have several features that lead to them to be promising candidates for treatment outcomes measures. First, as they are not performance-based, there should be no practice effects from repeated exposure to assessment materials. There is the possibility that informants could have changes in their sensitivity to patients' behavior and functional limitations by being interviewed about their functioning, so it may be desirable to have a pre-study exposure to the procedure of being an informant. It is not possible to predict for any individual or group of patients whether being interviewed would increase or decrease scores, although placebo effects with the SCoRS have been reported (Keefe et al., 2015b) . Further, informants may also be susceptible to placebo effects, in that the optimistic expectations of functional gains by informants and raters could be reflected in changes in ratings due to their biases.
In the first study using the SCoRS as an outcome measure, Harvey et al. (2011) reported on a randomized short-term comparison of ziprasidone and lurasidone on neuropsychological assessment battery and the SCoRS. There was significant group x time interaction for neuropsychological test performance, and the lurasidone patients improved significantly from baseline. For the SCoRS, the results were similar in that the treatment difference was marginally significant, p b .056, with the lurasidone treated patients improving significantly from baseline while the ziprasidone patients did not.
Several other studies had negative results for both NP test performance and the SCoRS. For example, MK-0777, a gamma-aminobutyric acid (GABA)A _2/_3 partial agonist, was not found improve either NP performance or SCoRS total scores (Buchanan et al., 2011) . Davunitide, a neuroactive peptide, was found to have marginally significant improvements in cognitive performance, significant improvements on the UPSA, and no changes on the SCoRS in a short-term trial (Javitt et al., 2012) . However, there was a clear problem in the study in that the placebo group performed significantly better than the treatment group and was at ceiling at baseline. Another published pharmacological study examined change in cognitive performance with the SCoRS as a co-primary outcome (Brown et al., 2018) . That study was negative for the effects of the pharmacological treatment on cognition and the SCoRS also did not respond to treatment. Similarly, Kane et al. (2010) found similar results with armodafinil versus placebo. Other studies on clinicaltrials.gov suggested that there was similar convergence between SCoRS changes and changes in NP test results. As a result, the convergence between the extent of response on performance on NP tests and the SCoRS has been consistent across trials that were both positive for treatment with agent under investigation and negative in their results.
In a study in Japan examining the effects of augmenting group occupational therapy (GOT) with individualized occupational therapy (IOT) on NP performance and the SCoRS, there was a statistically significant improvement on composite NP performance for the 69 patients receiving IOT plus GOT, ES = 0.44 (Shimada et al., 2018) . For the SCoRS, the effect size was moderate when comparing the two treatments' changes from baseline, d = 0.30, but the group x time interaction was nonsignificant, p = .24. It should be noted that GOT alone may be an active treatment, and there was no inactive control, so the failure of the treatments to separate does not mean that the improvements in the SCoRS in the GOT group alone are not an actual treatment effect.
Finally, a study comparing two doses of encenicline, an alpha-7 partial agonist to placebo generated a very interesting pattern of results (Keefe et al., 2015b) . In this study, NP test performance was compared, as was the SCoRS across treatments. Not all of the patients at the treatment sites had an informant who was available to provide ratings, so it was possible to compare the treatment sensitivity of interviewer SCoRS ratings that were based solely on patient report to ratings informed by both informant and patient information. The distributions of the availability of ratings were: total patients (N = 299), and total informants (n = 231). Analyses were performed for both SCoRS total and item scores based on patient reports and interviewer ratings informed by patient plus informant reports. We also present here the informant reports as well for information purposes.
The effect size for 1.0 mg/day of encenicline vs. placebo was d = 0.37, p b .01 for interviewer ratings based on informants and patients, d = 0.57, p b .001 for informant reports alone and the effect size for self-reports was essentially zero. 7/20 individual items responded to treatment with interviewer ratings and 8/20 responded with informant ratings alone. Thus, self-reported cognitive performance was not sensitive to treatment response while SCoRS ratings based on informant information separated from placebo. It is of likely importance that cognitive performance also responded to treatment with the higher dose of encenicline in that study (Keefe et al., 2015b) .
Ongoing studies
At the current time, there are 7 active trials in ongoing with the SCoRS as a co-primary outcomes measure.
(clinicaltrials.gov/ct2/results?cond=schizophrenia&term= SCoRS&cntry=&state=&city=&dist=).
These studies examine the effects of different medications, exercise, and psychosocial interventions on cognition in people with schizophrenia. Two other studies are apparently completed, with no results posted on the website or published to date.
Placebo effects
Some interview-based measures, particularly those targeted at clinical symptoms, have been noted to manifest increasing placebo effects over the course of the past two decades. Specifically, placebo effects with the PANSS in double-blind placebo-controlled trials examining the efficacy of antipsychotics have been increasing. As reviewed by Kemp et al. (2010) , the average placebo effect on the PANSS increased from an average of a 3-point worsening in 1993 to a 12-point improvement around 2008. This increased placebo effect challenges the identification of a true treatment signal.
This issue is important to address for the detection of a cognitive improvement signal. Many schizophrenia cognition trials have been negative and the question of whether practice/placebo effects on the MCCB are responsible has been raised. To address this question, data from over 900 patients from 12 different clinical trials was analyzed to determine the magnitude of placebo/practice effects . This analysis demonstrated that changes in performance on the MCCB that occurred during placebo periods did not differ from prerandomization assessments where the participants knew that they were not receiving active treatment, thus ruling out a placebo effect. Further, the practice effect across retesting was very consistent and small, at a change of 0.1 SD per reassessment regardless of the number of reassessments and regardless of whether the study included a prerandomization run-in period.
The SCoRS, as an interview-based measure should not have practice effects, but an examination of placebo effects is important. In the Javitt et al. (2012) study, the SCoRS improved 0.05 SD at the first reassessment and 0.02 SD at the second reassessment in the placebo group and 0.26 SD at the first assessment and 0.40 SD at the second in the low-dose davunitide group. In the placebo group in that study, the MCCB improved by 0.30 SD in the placebo group, quite consistent with the SCoRS change and the Keefe et al., 2015a, overall results. In another negative trial, Buchanan et al. (2011) reported that the MCCB improved by 0.11 SD in the placebo group and by a smaller amount in the two treatment groups. The SCoRS changed 0.09SD in the placebo group, again showing changes consistent with the MCCB. In a third negative trial using the SCoRS and MCCB (Brown et al., 2018) , similar results were found. MCCB scores changed 0.25 SD over 2 reassessments in the placebo group while the SCoRS changed 0.17 SD over the same time period in this sample.
In a positive trial, where the drug separated from placebo on both the MCCB and the SCoRS, Keefe et al. (2015a) reported that the MCCB separated from placebo in the high dose group with an effect size of d = 0.28, while the SCoRS had an effect size of d = 0.36. Change from baseline in the placebo group was 0.20 SD over two assessments with the MCCB and 0.40 SD for the SCoRS over three reassessments. In a later reanalysis of the SCoRS data, focusing on changes associated with the type of informant, it was found that the patient-reported SCoRS ratings were much less likely to separate from placebo than informant or clinician ratings. Further, during placebo treatment, patient scores were more variable and less reliable than those generated by informants or interviewers.
Conclusions
The SCoRS appears to meet many of the criteria for an optimal coprimary measure for schizophrenia cognition clinical trials as defined in the MATRICS-CT initiative . The SCoRS manifests consistently strong psychometric properties, including test-retest and inter-rater reliability, utility as a repeated measure, convergence with cognitive performance on the one hand and real-world functioning on the other. The SCoRS presents very low burden on patients, raters, and informants, and rapid completion of the assessments is the norm. The items measure global concepts that do not require notable cultural modification, making international use highly feasible.
Convergence between NP test performance and the SCoRS has been consistent across studies although it is consistently lower than correlations between NP tests and the UPSA. Ratings generated by clinicianinterviewers and informants seem to have relatively similar properties while patient ratings seem less reliable and valid. Convergence between the SCoRS and everyday functioning has been consistently demonstrated and informant ratings are found to converge with clinician ratings of everyday functioning. Consistent with considerable research evaluating self-assessment capability in schizophrenia, patient self-assessments appear to lack validity, to have more potential for placebo effects, and are less reliable. Patients who misestimate their cognitive performance also misestimate their everyday functioning, basing their estimates on other factors such as their mood state or if they are by themselves when asked to make a rating. Thus, there is very little valid treatment outcomes information that can be obtained, other than performance-based assessments, on patients who lack informants. As some studies suggest that as many of 25% of people with schizophrenia may lack a suitable informant, this is a limitation of instruments like the SCoRS that appear to require informant input to yield good reliability and validity. In such situations, valid performance-based assessments of functional capacity, particularly those with clearly similar alternative forms, may be a preferred strategy for assessing the clinical meaningfulness of a cognitive change in a clinical trial.
Sensitivity to treatment with the SCoRS has been demonstrated in multiple studies, including sensitivity to treatment effects also detected with NP tests. On the other hand, lack of change on the SCoRS has been associated with lack of improvements in NP test performance. Placebo effects seem to be minimal and quite consistent with placebo effects on the MCCB.
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